Here we report that the Kiss1 hexadecapeptide (Kiss1-16) directly regulates the functional form of gonadotropin-releasing hormone (GnRH) in the preoptic area (POA) of a scombroid fish model. In this study, we analyzed the localization of two kisspeptin (kiss1 and kiss2) neurons and two kisspeptin receptors (kissr1 and kissr2) in the brain of adult chub mackerel using in situ hybridization to determine whether the kisspeptin receptors co-localize with GnRH1 neurons. The kiss1-and kiss2-expressing neurons were mainly localized in the nucleus recessus lateralis (NRL) and the nucleus of the posterior recess (NRP) in the hypothalamus. Kissr1 was present in the anterior POA and the habenular nucleus. Kissr2 was widely distributed, including in the POA, lateral tuberal nucleus, NRL, and NRP. Notably, GnRH1 was expressed in neurons in the POA, and these neurons co-expressed kissr1. In contrast, kissr2 was expressed abundantly in the vicinity of GnRH1 neurons, but their co-expression did not seem to occur. We also characterized the endogenous mature form of the Kiss1 peptide. An in vitro reporter gene assay clearly showed that Kiss1-16 (HQDMSSYNFNSFGLRY-NH 2 ) was more potent at receptor activation than Kiss1 pentadecapeptide (Kiss1-15), which is the form of Kiss1 found in other fish species. This study strongly suggests that kisspeptin signaling, especially Kiss1 signaling, is important for regulating reproduction in scombroid fish.
Introduction
Kisspeptins, encoded by the Kiss1 gene, have been shown to act as direct upstream endogenous regulators of neurons expressing gonadotropin-releasing hormone (GnRH neurons) in mammals [1, 2] . The kiss1 neuronal population is found in hypothalamic regions, including the anteroventral periventricular nucleus and the arcuate nucleus [3, 4] . The details of the distribution of Kiss1 neurons and fibers have been reported for the murine hypothalamus, and kisspeptin fibers have been shown to be present in the vicinity of GnRH neuron cell bodies [5] . In rodents, a large population of GnRH neurons expresses Kiss1r mRNA, and it is clear that kisspeptin neurons exhibit direct signaling to GnRH neurons [1, 6] . Kisspeptin is a member of the RFamide peptide family, members of which possess the C-terminal motif Arg-Phe-NH 2 . Endogenous mature peptides of various lengths (54, 14, and 13 residues) were identified and found to share a common core 10-amino-acid (aa) sequence at their C-terminus [7, 8] .
All reported species of teleost fish possess piscine-type ortholog ligand (kiss2) and receptor (kissr2) genes, while a few species possess paralogous genes, kiss1 and kissr1 (for reviews, see [9, 10] ). The first evidence of an association of the piscine kisspeptin system with GnRH was provided by a study on the Nile tilapia (Oreochromis niloticus), in which three types of GnRH neurons were found to express kissr2, as determined by polymerase chain reaction (PCR) of a single cell [11] . This finding was supported by the histological evidence that GnRH1 neurons express kissr2 mRNA in cichlid fish (Astatotilapia burtoni) [18] and striped bass (Morone saxatilis) [12] . Several previous in vivo studies showed that the injection of Kiss2 decapeptide (Kiss2-10) or dodecapeptide (Kiss2-12) upregulated the expression of the functional gnrh gene [13, 14] and gonadotropin subunit genes [15] , as well as the secretion of gonadotropins [16, 17] , in teleosts. These studies strongly suggest that the piscine kisspeptin ortholog is a potent activator of the reproductive axis, similar to its mammalian counterpart.
However, several lines of morphological evidence have shown that GnRH1 neurons did not appear to express kissr1 or kissr2 mRNAs in medaka (Oryzias latipes) [19] , or European seabass (Dicentrarchus labrax) [20] . In zebrafish (Danio rerio), studies similarly failed to find evidence of kisspeptin receptors in GnRH neurons [21] . Surprisingly, in a recent study, a zebrafish kiss or kissr knockout mutant showed normal gonadal maturation, which suggested that kisspeptin signaling may be not indispensable for the reproduction of this species [22] . Therefore, it is debatable whether piscine kisspeptin is an upstream regulator of GnRH neurons. In particular, the physiological function or significance of the piscine Kiss1 system remains largely unknown.
The core peptide Kiss-10 is highly conserved within mammalian and nonmammalian vertebrates, suggesting that it plays an important role in signal transduction in a wide range of vertebrates. However, piscine Kiss1 precursor contains a putative cleavage site six amino acids upstream of the core sequence [23] . This suggests that Kiss1 pentadecapeptide (Kiss1-15) is produced as a mature form; it should have pyroglutamate at the N-terminus because, in all reported fish species, the residue at the N-terminal end of Kiss1-15 is glutamine (Q). In addition, a previous study demonstrated that pyrKiss1-15 was 50 times more potent than Kiss1-15 for receptor activation in zebrafish [23] . Similarly, basic amino acids were present at three amino acids upstream of Kiss2-10, indicating that the piscine kiss2 gene encodes a Kiss2 dodecapeptide (Kiss2-12). However, there have been no reports on the length of the mature endogenous Kiss1 peptide in teleosts; mature endogenous piscine Kiss2 peptide has only been reported in the masu salmon (Oncorhynchus masou masou and Oncorhynchus nerka), but a 13-aa sequence (Kiss2-13) was reported [24] . This may reflect differences in the basic site of the precursor protein.
Chub mackerel (Scomber japonicus) is classified into the Scombridae family, and is one of the most commercially important fish worldwide. This species is a suitable experimental micromodel for reproductive endocrinological research in scombroid fish, a group that includes bluefin tuna (Thunnus orientalis). The chub mackerel brain expresses two kiss and two kiss receptor genes, the expression of which dramatically increases in synchrony with the expression of gnrh1 (the functional form of GnRH in this species) at the time of puberty and gonadal recrudescence in the seasonal reproductive cycle [25] [26] [27] . Our recent pharmacological analyses indicated that the peripheral administration of chub mackerel (cm) Kiss1-15 strongly induces gonadal development in pubertal males and adult males with gonadal recrudescence [28, 29] . Furthermore, the central administration of cmKiss1-15 and cmKiss2-12 was found to directly regulate the expression levels of gnrh1 in the preoptic area (POA) and folliclestimulating hormone and luteinizing hormone (LH) beta-subunit in the pituitary gland in nonbreeding adults [30] . Taking these findings together, it is possible that kisspepin directly regulates the GnRHgonadotropin pathway in this species. However, no anatomical evidence regarding whether GnRH1 neuronal cells express kisspeptin receptors has been reported. Furthermore, chub mackerel Kiss1 precursor contains a putative cleavage site seven amino acids upstream of the core sequence [25] , indicating that it produces a mature hexadecapeptide (Kiss1-16).
Against this background, we analyzed the localization of two kisspeptin neurons and kisspeptin receptors in the brain of adult chub mackerel using in situ hybridization (ISH) and determined whether kisspeptin receptors co-localize with GnRH1 neurons. Furthermore, we characterized the endogenous mature form of the Kiss1 peptide in chub mackerel.
Materials and methods

Animals
Adult immature male and female chub mackerel were used for ISH analysis. Experimental fish were hatched at the Fishery Research Laboratory, Kyushu University, Fukuoka Prefecture, and reared according to previous report [27] . At the time of sampling, the fish were carefully treated and sacrificed following the guidelines for animal experiments in the Faculty of Agriculture and Graduate Course of Kyushu University.
Synthetic peptides
Synthetic peptides corresponding to cmKiss1-15 (QDMSSYNF-NSFGLRY-NH 2 ), pyroglutamate cmKiss1-15 (cmpKiss1-15: pyrQDMSSYNFNSFGLRY-NH 2 ), and cmKiss1-16 (HQDM-SSYNFNSFGLRY-NH 2 ) were purchased from Sigma Genosis Co. (Tokyo, Japan). Each peptide showed a purity level of 90.2%, 80.3%, and 95.3%, as determined by analytical HPLC and mass spectrum analysis, respectively.
In situ hybridization of kiss1, kiss2, kissr1,kissr2, and gnrh1 mRNAs
The full-open reading frames (ORFs: 315, 369, and 294 bp for chub mackerel kiss1, kiss2, and gnrh1, respectively) were amplified by PCR. In the case of kisspeptin receptors (ORFs: 1,100 and 1,137 bp for chub mackerel kissr1and kissr2, respectively) detection, we amplified three short sequences (about 300 bp) from different ORF site and mixed for enhancement of probe sensitivity and permeability in each genes. All products were subcloned into the pGEM-T Easy vector (Promega). The primer sets are shown in Table 1 . Sense and antisense RNA probes were transcribed from linearized plasmids using digoxigenin (DIG)-labeling mix (Roche Diagnostics, Mannheim, Germany) and SP6 or T7 RNA polymerase (Roche Diagnostics), and then digested with DNase I (supplied with the DIG-labeling kit), according to the manufacturer's protocol. A total of 1 μg of DNA (pGEM-T Easy Vector with a partial sequence of kiss1 or kiss2) was used in a 20 μl reaction containing DIG-labeled RNA probes. The probes were stored at -80
• C until use. Brains were flashed frozen in Tissue-Tek OCT compound (Sakura Finetechnical, Tokyo, Japan) (100 mM Tris, 150 mM NaCl) buffer. The hybridized DIG-labeled probes were detected with an alkaline phosphatase-conjugated anti-DIG antibody (Anti-DIG-AP: dilution 1: 1000 in blocking reagent; Roche Diagnostics) for 2 h and rinsed in NTM (100 mM Tris pH9.5, 100 mM NaCl, 50 mM MgCl2 pH 9.5) buffer for 10 min. The chromogenic reaction was developed by using nitro blue tetrazolium/5-bromo-4-chloro-3-indolyl phosphate (NBT/BCIP: Thermo scientific) at 4
• C overnight. Reaction was stopped by TE buffer (10 mM Tris pH8.0, 1 mM EDTA) and rinsed in 95% ethanol for 1 h at room temperature. The adjacent sections were stained with hematoxylin and counterstained with eosin (data not shown). All signals were observed under the light microscope BX51 (OLYMPUS, Tokyo, Japan) with a U Plan F1 objective lens (OLYMPUS). Images were acquired with a DS-5M CCD camera (Nikon, Tokyo, Japan). In all cases, no labeled cells were detected in the negative control sections using the sense probe (Supplemental files).
Dual-label in situ hybridization for kissr and gnrh1 mRNA
To determine whether the GnRH1 neurons co-express kissr mRNA, we performed double-label ISH using a mixture of DIG-labeled kissr and fluorescein isothiocyanate (FITC)-labeled gnrh1 probes. Sense and antisense FITC-labeled RNA probes for gnrh1 ORF mRNAs were synthesized by using a FITC RNA Labeling Mix (Roche Diagnostics). All the procedures until the washing step were performed as mentioned above. The hybridized DIG-labeled and FITC-labeled probes were detected with a tyramide signal amplification (TSA) plus cyanine 3 (Cy3) system (PerkinElmer, Foster City, CA) and TSA plus 2,4-dinitrophenyl (DNP) AP system (PerkinElmer), respectively. Sections were blocked with TNB buffer (0.1 M TrisHCl, pH 7.5, 0.15 M NaCl, and 0.5% blocking reagent supplied in the TSA kit) for 30 min at RT, incubated for 30 min with a peroxidase-conjugated anti-DIG antibody (Anti-DIG-POD: dilution 1: 1000 in TNB buffer; Roche Diagnostics), washed with TNT (100 mM tris-HCl, pH 7.5, 150 mM NaCl, 0.05% Tween-20) buffer three times for 5 min each, and incubated for 10 min with Cy3 amplification reagent (diluted 1:50:50 in dilution buffer and sterilized water; PerkinElmer). The first HRP was inactivated with 1% H 2 O 2 in PBS, pH 7.0 for 10 min, washed three times with TNT buffer for 5 min each, and incubated with a peroxidaseconjugated IgG fraction monoclonal mouse anti-FITC (Anti-FITC-POD: Jackson Immuno Researc) at 1:1000 in TNB buffer at 4 • C overnight. The next day, sections were washed three times with TNT buffer for 5 min each, incubated for 10 min with DNP-TSA reagent (diluted 1:50:50 in dilution buffer and sterilized water; PerkinElmer); washed in TNT buffer, incubated for 30 min with anti-DNP-AP (supplied with the TSA kit) at 1:100 in TNB buffer; washed in TNT buffer; and rinsed in NTM (100 mM Tris pH9.5, 100 mM NaCl, 50 mM MgCl 2 pH 9.5) buffer for 5 min. The chromogenic reaction of hybridized FITC-labeled probes was developed by using NBT/BCIP for 30 min at RT. Reaction was stopped by running water and immediately coverslipped with CC/Mount (Diagnostic BioSystems). The fluorescence and differential interference contrast (DIC) images were observed under confocal laser-scanning microscope LSM-700 (Carl Zeiss, Jena, Germany) with a plan APOCHROMAT 10×/0.45 and 63×/1.4 Oil DIC lens (Carl Zeiss). Images were processed with the ZEN 2012 Black edition (Carl Zeiss) and assembled using Photoshop 7 (Adobe Systems).
Characterization of endogenous mature Kiss1 peptide
The receptor-binding specificity of three Kiss1 peptides (cmKiss1-15, cmpKiss1-15, and cmKiss1-16) was determined by an in vitro reporter gene assay as described previously [26] . 
Results
Localization of kiss1 and kiss2 mRNAs in the brain of chub mackerel
In the ISH analysis, we analyzed three males and three females. All ISH images were showed by nonbreeding female fish. The kiss1 mRNAs were detected in the anterior part of the POA ( Figure 1A , B, E), the ventral hypothalamus including the lateral tuberal nucleus (NLT) ( Figure 1A , C, D, F), and the dorsal hypothalamus including the nucleus recessus lateralis (NRL) (Figure 1A , D, G). The kiss2 mRNAs were detected in the anterior POA (Figure 2A , B, E) and NLT ( Figure 2A , C, F), while a large population was observed in the ventral hypothalamus, including the NRL (Figure 2A , D, G). No differences between the sexes were observed for these variables.
Localization of kissr1 and kissr2 mRNAs in the brain of chub mackerel
The kissr1 mRNAs were present in the anterior POA ( Figure 3A , B, D) and the dorsal and ventral parts of the habenular nucleus (Figure 3A, C, E). The kissr2 mRNAs showed a broader distribution in the anterior and posterior parts of the POA (Figure 4) . In addition, kissr2-expressing cells were found to be abundant in the ventral hypothalamus, including the ventral and lateral parts of the NLT ( Figure 5A -C, E-H); ventral, lateral, and dorsal parts of the NRL ( Figure 5A , C, I); and nucleus of the posterior recess (NRP) ( Figure 5A , D, J). No differences between the sexes were observed for these variables.
Localization of gnrh1 mRNA in the brain of chub mackerel gnrh1 mRNA was detected in the anterior POA ( Figure 6 ). No differences between the sexes were observed for this variable.
Co-expression of kissr1 and gnrh1 mRNAs in the POA
Based on the results of the localization of kissr1, kissr2, and gnrh1 mRNA-expressing cells, we subjected the anterior POA region to dual-labeled ISH to clarify the relationship between kissr-and gnrh1-expressing cells. In this study, we visualized the gnrh1 genes in bright field due to the prevention of fluorescence interference. The results showed that large populations of gnrh1-expressing neuronal cell bodies co-expressed kissr1 mRNA ( Figure 7A-F) . We checked these neuronal cells every 1 μm thickness using confocal laser-scanning microscope and confirmed only single cell present in this region. In contrast to the discrete expression of kissr1, kissr2 was widely expressed in the POA; however, in many cases, it was expressed in close proximity to the gnrh1-expressing cells and their co-expression did not seem to occur ( Figure 7G-L) . No difference between the sexes was observed for this variable.
Characterization of the mature Kiss1 form in chub mackerel
The mature functional length of Kiss1 peptide was investigated by reporter gene assay. All tested peptides showed strong binding potency for KissR1 from a low-concentration dose; however, based on an analysis of the EC 50 [2.1783e-012] values, Kiss1-16 showed approximately 100-and 1,000-fold stronger potency for receptor activation compared with pyroglutamate Kiss1-15 and Kiss1-15, respectively ( Figure 8 ).
Discussion
Here we report the first evidence that the Kiss1 hexadecapeptide directly regulates the functional GnRH form in the POA of a scombroid fish model. Numerous studies have suggested that the Kiss2 system plays a dominant role in regulating the reproductive axis in teleost fish because numerous fish species lack the Kiss1 system [16, 31] , and Kiss2 is more efficient than Kiss1 at regulating gonadotropin synthesis and release [15] [16] [17] . In addition, Kiss2 fibers were shown to be arranged in close apposition with functional GnRH neurons in zebrafish [21] . Here, we will mainly discuss the potentially unique reproductive functions of the Kiss1 system in chub mackerel. Notably, we have already reported that chub mackerel KissR1 and KissR2 are the intrinsic receptors for Kiss1 and Kiss2 peptides, respectively [26] . In this study, we first analyzed the localization of the two kisspeptin neurons and two kisspeptin receptors in the brain of adult fish using ISH. The results showed that the mRNAs of kisspeptins and their receptors were expressed mainly in the anterior and posterior parts of the POA and the ventral hypothalamus, including the NLT and NRL. Overall, kiss1/kissr1 was modestly expressed in limited regions, whereas kiss2/kissr2 showed widespread and high levels of expression in the brain. We also analyzed localization pattern of all mRNA tested in mature adult (late vitellogenesis or spermiation stage) classified previously [25] [26] [27] ; however, no differences were observed (data not shown).
To date, the localization of kisspeptins and kisspeptin receptors has been reported in detail in four fish species: medaka [15, 19, 32] , zebrafish [21] , striped bass [12] , and European seabass [20, 33] . The distribution of cells expressing chub mackerel kiss1, kiss2, kissr1, and kissr2 roughly matches those of the four species mentioned above; however, the details do not correspond. An interesting point is that the habenular nucleus of chub mackerel expressed only kissr1, which differs from the habenular expression of both kiss1 and kissr1 reported in medaka [15, 19] , zebrafish [21] , and European seabass [20, 33] . In contrast, no kiss1 expression was reported in the habenular nucleus of striped bass [12] . This indicates that the autocrine Kiss1/KissR1 system in the habenular nucleus is not conserved in the teleost species that possess the duplicate kisspeptin system. Our previous study showed that chub mackerel also expressed three GnRH forms, namely GnRH1, GnRH2, and GnRH3 (previously, seabream GnRH, chicken GnRH-II, and salmon GnRH forms, respectively) in the brain; only GnRH1 neurons, which are localized in the anterior POA, send axonal projections to the anterior pituitary [34] . The present results show that gnrh1 mRNA is strongly expressed in the anterior POA region, which agrees with the immunostaining results. Surprisingly, despite its limited expression, about half populations of kissr1-expressing cells colocalized with gnrh1 neuronal cells in the anterior POA. Some cells in the POA express kissr1 mRNA but not GnRH1 neuronal cells; however, we did not identify these cells. In the same region, high expression levels of kissr2 were widely observed; however, in many cases, these were in close association with gnrh1 neuronal cells.
Our recent pharmacological analyses of kisspeptin peptides indicated that the peripheral administration of cmKiss1-15, but not cmKiss2-12, strongly induces spermiation in prepubertal male chub mackerel and those with gonadal recrudescence [28, 29] . These findings strongly suggest that the Kiss1/KissR1 system in chub mackerel is involved in gonadotropin release, presumably through GnRH1 neurons. To date, few reports on the function of the Kiss1 system in teleost fish have been published and few studies have suggested that this system possesses a nonreproductive function.
In a recent study of zebrafish, kiss1 and kissr1 were expressed only in the habenular nucleus [15, 21] , suggesting that Kiss1 modulates the serotonergic system and fear [35, 36] . However, the strong species specificity of this neuropeptide should be noted. Indeed, in goldfish (Carassius auratus), the administration of Kiss1 but not Kiss2 decapeptide increased the serum LH levels [37] . Furthermore, in a recent study, black rockfish (Sebastes schlegelii) was shown to possess kiss1, but potentially lacked the kiss2 gene [38] . At present, it is known that chub mackerel Kiss1 is an important regulator of reproduction. Meanwhile, it is debatable whether the Kiss2/KissR2 pair regulates GnRH1 secretion in this species. Indeed, our previous study showed that the central administration of cmKiss2-12 and cmKiss1-15 regulated gnrh1 expression in the POA, and only Kiss2-12 upregulated the fshβ and lhβ levels in the pituitary of females with gonadal recrudescence [30] . In addition, the expression levels of kiss2/kissr2 dramatically increased synchronously with gnrh1 in the brain at the time of puberty and at the start of ovarian recurrence [26, 27] . The qRT-PCR study showed that expression of kiss2/kissr2 can be very dynamic, depending on maturational stages, as shown in many previous studies in fish [11-13, 15, 42-46] , including chub mackerel [25] [26] [27] . Thus, we must look closer into the connection between Kiss2 and GnRH1 in different gonadal stages or ages. However, based on this finding, it is likely that Kiss2 indirectly regulates the reproductive axis via interneurons that are expressed in close proximity to GnRH1 neurons.
Recent studies have demonstrated that kissr2 co-localized with various types of neurons, such as isotocin, arginine-vasotocin, neuropeptide Y, and neuronal nitric oxide synthase (nNOS) in medaka, European sea bass, and striped bass [19, 20, 39] . In particular, in the mouse, GnRH1 neurons are surrounded by nNOS neurons, which express Kiss1r, and nNOS could contribute to the direct modulation of GnRH neuronal activity in a manner codependent on kisspeptin signaling [40, 41] . In the case of European seabass, GnRH1 neurons do not express kissr2 mRNA [20] ; however, the Kiss2 peptide could release GnRH1 and LH [16, 17] . In our qRT-PCR analysis in chub mackerel, kissr2 mRNA expressed about 45-to 50-fold higher than kissr1 expression in POA (data not shown); it is more likely that Kiss2 system could play an important role in reproduction or other function(s). Clarification of the missing link in KissR2/GnRH1 is an important future task to understand kisspeptin signaling in the brain of chub mackerel.
We next characterized the mature endogenous form of the chub mackerel Kiss1 peptide. Our previous study showed that Kiss1 pentadecapeptide (Kiss1-15) accelerates gonadal development [28, 29] ; however, by analyzing the precursor protein, it is possible that Kiss1-15 is not the mature endogenous form. Characterization of the functional peptide is usually essential for pharmacological application. To examine the signal transduction potency of various Kiss1 peptides for chub mackerel KissR1, we used the serum response element as a reporter gene for protein kinase C/MAPKs activation, using a previously reported procedure [26] . The signaling pathways of mammalian Kiss1R is previously reported in CHO cell lines and is marked by upregulation of Ca 2+ mobilization and MAP kinase phosphorylation after ligand stimulation [7] . In the case of our previous study, cmKiss1-15 and cmKiss2-12 peptides showed approximately 100-and 10-fold higher potency for signal transduction when compared with the corresponding decapeptide (Kiss-10), respectively [26] . From these results, Kiss1-16 showed striking potency for receptor activation among all of the peptides examined. In humans, various kisspeptin forms (Kiss-54: metastin, -14, -13, and -10) have been reported and showed equal binding affinity to Kiss1R [7, 8] . However, in chub mackerel, Kiss1-10 is less potent at receptor activation than Kiss1-16, indicating that six amino acids (HQDMSS) at the N-terminal end are functionally important maybe to retention such as a structure, hydrophobicity, or electric charge; this also strongly suggests that Kiss1-16 (HQDMSSYNFNSFGLRY-NH 2 ) is the functional endogenous form of Kiss1 in chub mackerel. Further investigations such as isolation and chemical characterization of native peptide or signaling study using chub mackerel brain cell lines will help to ensure the mature length of Kiss1 peptide. However, present result possibly implies that cmKiss1-16 is more useful than cmKiss1-15 or cmpKiss1-15 in pharmacological applications for farmed chub mackerel due to its low effective concentration. Future studies on the application and comparison of Kiss1 hexadecapeptide (16) and pentadecapeptide (15) in terms of inducing gonadal development should be performed, including the administration of multiple doses.
In conclusion, this study provides evidence that endogenous Kiss1-16 exerts reproductive function by directly regulating the functional GnRH form in a scombroid fish model, chub mackerel. To our knowledge, this is the first report on the direct regulation of GnRH by Kiss1 in teleost fish species. However, it is important to note whether or not kisspeptin system plays an absolute central integrator of reproductive axis in this species. In fish, various neuropeptidergic, catecholaminergic, and amino-acidergic neurons form direct contacts with gonadotrophs and can exert independent control of reproduction [47] . For example, kisspeptin and its receptor knockout or GnRH knockout studies in zebrafish revealed that reproduction still continues [22, 48] ; it possibly indicate that another major compensation (back-up system) in several of the other multiple stimulatory systems could carry on regulating gonadotrophs activity [49] . Further research on the kisspeptin system in teleost fish is required, but at present, it can be asserted that kisspeptin systems affect the gonadotropin release via control of GnRH1 neuronal activity and play an important role in reproduction in marine Perciformes. This study contributes to the development of reproductive physiology and aquaculture of scombroid fish. 
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